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(§) An Improved package (10) for a medical device 
includes an inner wrap (18) that envelopes the medi- 
cal device, the inner wrap (18) including a gas- 
permeable surface, and a chamber (22) defined in 
the inner wrap (18) to store a hydratable sensor (28) 
of the medical device. Plumbing (14) for the package 
(10) controls fluid flow into and within the inner wrap 
(18). to selectively establish, without breaching a 
portion of the inner wrap (18) surrounding the sensor 
(28), fluid communication between the gas-perme- 
able surface and the sensor (28), to sterilize the 
sensor (28) and the Inner wrap (18) with a gaseous 
sterilant, or to hydrate the sensor (28) with hydration 
fluid obtained from a source of hydration fluid (40) 
connected to the chamber (22), or to equilibrate the 
hydration fluid in the chamber (22) with an external 
source of gas, to calibrate the s nsor (28) within the 
Inner wrap (18). 




FIG. I 



Rank Xerox (UK) Business Services 



, EP000492399rfile.7/J:\intPropert}es\PRINCESS\£P000492399xpc1 



Page 2 of 20 



1 EPO 



Technical Held 

This invention relates to packages for and 
methods of packaging sterillzable. calibratable 
medical devices, and more particularly, provides an 
improved packaging system for in situ sterilization 
and calibration of medical devices comprising 
hydratable sensor components. 

Background of the Invention 

U.S. Patent Number 4.863.016. entitled 
"Packaging for a Sterilizable Calibratable Medical 
Device", assigned to the assignee of the present 
invention, describes a package for and method of 
packaging a sterilizable calibratable medical device 
that includes a hydratable sensor component. Be- 
cause the specification of the above noted patent, 
including the Background of the Invention, is useful 
to an understanding of the present invention, the 
specification of U.S. Patent Number 4.863,016 is 
hereby incorporated herein by reference. 

The medical device referenced in the above 
noted patent is a blood chemistry sensor that must 
be maintained in a sterile environment during stor- 
age and in a clean environment during the calibra- 
tion procedure. The packaging provided for the 
medical device accommodates these requirements. 
This packaging Includes a manifold and a hydration 
solution pouch, each connected to the sensor com- 
ponent by plumbing. The plumbing also connects 
the sensor component to the ambient environment 
of the plumbing. When the packaging Is manufac- 
tured, the manifold, plumbing, and medical device 
are sealed in a wrap including a gas-permeable, 
bacterial retentive surface. The wrap and its con- 
tents, including the exterior surfaces of the compo- 
nents, are sterilized by exposure to gaseous eth- 
ylene oxide (ETO). During the sterilization proce- 
dure, the plumbing is adjusted so that the sensor is 
exposed to the ambient environment, i.e., the steril- 
izing gas. After sterilization, the plumbing is ad- 
justed and the medical device is hydrated within 
the package by directing the hydration solution 
from the hydration solution pouch to the sensor by 
means of the plumbing. To allow storage of the 
package for an extended period of time, a gas- 
impermeable bag Is provided to define a chamber 
in which the ambient sterile environment of the 
plumbing is preserved, while the sensor component 
remains immersed In the hydration solution. 

Prior to using the medical device, the sensor 
component must be calibrated. A portion of the 
plumbing remote from the sensor component is 
removed from the packaging. A reservoir including 
a calibration solution is connected to the plumbing, 
and the calibration solution is convey d to the 
sensor component. As the calibration solution is 
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Introduc d to the sensor compon nt. the hydration 
solution is flushed into the manifold via the plumb- 
ing. In this manner, the sensor component is cali- 
brated without removing it from the clean environ- 

5 ment of the packaging. 

The above description reveals one of the prob- 
lems with the packaging used for the medical de- 
vice. Before the sensor component can be cali- 
brated, the hydration solution In which it is stored 

10 must be removed from the packaging and replaced 
with the calibration solution. This process intro- 
duces several undesirable complications. It would 
therefore be desirable to calibrate the sensor com- 
ponent without removing it from the clean environ- 

75 ment of the package and without removing the 
hydration solution. The present invention contri- 
butes to attaining this objective. 

Summary of the Invention 

20 

The present invention provides an improved 
package for a medical device that includes an inner 
wrap that envelopes the medical device. The inner 
wrap includes a gas-permeable, bacterial retentive 

25 surface. The device, which includes a hydratable 
sensor, is stored in a chamber defined within the 
inner wrap. Fluid flow into and within the inner wrap 
is controlled by plumbing which is operable to 
selectively establish, without breaching a portion of 

30 the inner wrap surrounding the sensor, fluid com- 
munication between the gas-permeable, bacterial 
retentive surface and the sensor, to sterilize the 
sensor and the inner wrap with a gaseous sterilant. 
Fluid communication is also selectively established 

35 between the chamber and a source of hydration 
fluid, to hydrate the sensor or between the cham- 
ber and an external source of a gas to equilibrate 
the hydration fluid, thereby to calibrate the sensor 
within the inner wrap. 

40 The present invention is better understood by a 
consideration of a detailed description in conjunc- 
tion with the drawings provided herewith. A brief 
description of the drawings is set forth below. 

45 Brief Description of the Drawings 

Rgure 1 is an exploded isometric view of a 
package for a medical device; 
Rgure 2 Is a top perspective view of the pack- 
50 aging tray witii an attached hydration solution 

pouch; 

Figure 3 is a plan view of the tonometry cham- 
ber in the package; 

Rgure 3A is a sectional view taken along th 

55 lines A-A of Rgure 3, with Rgures 3B, 3C and 
3D being respective top. bottom and side eleva- 
tions of Figur 3; 

Rgure 4A is a perspective view, partially in 
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section, of a guillotine valv used in the package 

and shown in an open position; 

Figure 4B is the partially closed position of the 

guillotine valve of Rgure 4A; 

Figure 4C is the fully closed position of the 

valve of Figure 4A in which a section of the 

tubing trapped therein is severed; 

Rgure 5A is a sectional view of a frangible 

element valve incorporated in the package, the 

valve being built and assembled in a closed 

position: 

Rgure 5B is a view similar to the view of Figure 
5A, wherein the actuator of the valve is de- 
pressed to produce an open position of the 

valve; 

Rgure 5C is an end view of the valve of Rgures 
5A and 5B; 

Rgure 5D is a section similar to Figure 5A, 
wherein the valve Is depressed to break the 

frangible elements; 

Rgure 5E is a view similar to the view of Rgure 
5A wherein the valve is in the normally-closed 
position following breaking of the frangible ele- 
ments; 

Figure 6A is a sectional view of an in-line mois- 
ture filter taken along the lines 6A-6A of Rgure 
2; Rgure 68 is a sectional view taken along the 
lines 68-68 of Figure 2; 

Rgure 7 Is a top perspective view showing the 
packaging tray disposed in a sterilization pouch 
with a portion thereof visible through a window 
in the pouch and further showing a gas per- 
meable Tyvek^ membrane at the window area 
of the sterilization pouch; 
Figure 8 is a top perspective view showing the 
hydration of the sensor component in the 
tonometry chamber through the rupturing of the 
hydration pouch following sterilization; 
Rgure 9 is a top perspective view showing the 
overlapped window and the hydration pouch 
separated from the main body of the packaging 
tray, and the sterilization pouch reseated around 
the packaging tray; and 

Rgure 10 is a representation of the calibration 
device in block-diagram form. 

Detailed Description of the Preferred Embodiment 

With reference to Figure 1, a preferred embodi- 
ment of package 10 includes a packaging tray 12, 
plumbing 14, a base plate 16 with a peripheral up- 
turned lip 16a, a gas-permeable, bacterial retentive 
(Tyvek™) cover 18, and an outer wrap 20. As 
shown in Rgure 2. th tray 12 is molded from a 
clear plastic material and includes a peripheral 
flange 12a. The tray 12 seats on the base plate 16 
and the flange 12a of the tray 12 is s cured to the 
bas plate 16 adjacent the lip 16a by a series of 
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ultrasonic welds 17. The tray 12 includes a series 
of molded-in compartments for holding the various 
components of the plumbing 14 associated with the 
package 10. For example, a somewhat L-shaped 

5 compartment 21 at the lower left hand corner of the 
tray 12 as seen in Rgure 2 retains a tonometry 
chamber 22 in its upright leg 21a. A base leg 21b 
of the compartment 21 provides space for a guil- 
lotine valve 23 and a frangible element vah^e 24. 

70 Above the compartment 21 is a substantially 
rectangular compartment 25. To the right of com- 
partments 21 and 25 and connected to compart- 
ment 25 at a common inner side wall 25a is an 
inregulariy-shaped. shallow compartment 26. whose 

15 base wall 29 engages side wall 25a at a mid-plane 
thereof, the compartment 26 having separate 
niches 26a and 26b at a mid-portion thereof, for 
supporting a delivery device 27 associated with a 
sensor or sensor component 28 disposed in the 

20 tonometry chamber 22. An elongated rectangular 
compartment 30 is disposed at the right side of the 
tray 12 for holding a fiber optic connector member 
32 associated with the sensor component 28. Lo- 
cated in the lower right hand comer of the tray 12 

25 is a small, rectangular holding compartment 34 for 
a purpose to be described below. 

The tonometry chamber 22 (Rgure 3) is a 
small, shallow chamber 22 of somewhat ovoid 
shape, with a flattened outer side walls 22a. A base 

30 plate 22b is bonded to a side wall 22a of the 
chamber 22. The base plate 22b also includes a 
step portion 22c which extends into the base leg 
21b of compartment 21. Receptacles 23a and 24a 
for retaining the valves 23 and 24 are molded into 

35 the step portion 22c. 

The tonometry chamber 22 also has provided 
therein a liquid inlet port 35, a gas inlet port 36 and 
a fluid outlet port 37. The volume of the chamber is 
relatively smalt, about 8 ml., to minimize calibration 

40 time. A baffle 19 is disposed in the chamber 22, 
somewhat below the center of the chamber 22, and 
between the sensor component 28 and the gas 
inlet port 36. The ovoid shape of the chamber 
enables a circulatory motion of the hydration fluid 

45 in the chamber 22 during calibration. Cannula stock 
(0.012" OD, 0.005" ID) is mounted in the gas inlet 
port 36 to provide therein a needle-point orifice 36a 
to enable calibration gases to bubble into the 
tonometry chamber 22. A liquid inlet tube 38 con- 
so nected to the liquid inlet port 35 of the tonometry 
chamber 22 is connected at its opposite end to a 
hydration pouch 39 carried within a hydration res- 
ervoir 40 disposed externally of the tray 12 and 
connected ther to by a strap 42 trapped between 

55 th tray 12 and the base plate 16. A pouch popper 
44 similar to the one disclosed in U.S. Pat. 
No.4,683.016 is provided on the reservoir 40. Inter- 
posed between the pouch 39 and the liquid inlet 
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port 35 is th guillotine valve 23 described in detail 
below. 

The gas inlet port 36 is connected to tubing 45 
which extends to the compartment 34 to be con- 
nected to a hydrophobic filter 46 therein. Provided 
in compartment 34 are molded brackets 34a, which 
hold the filter 46 in place until it is removed and 
also to retain when it is re-Inserted into the tray 12. 

At the upper end of the tonometry chamt)er 22. 
the fluid outlet port 37 receives a guide tube 37a 
for holding the sensor 28 in the chamber 22. The 
upper end of the fluid outlet port 37 is connected to 
a flex fitting 49 which extends into the lower end of 
compartment 25 and is connected to a fastener 50 
which connects the fitting 49 to a bottom wall 25b 
of the compartment 25. The fastener 50 is a fitting 
which connects the fluid outlet port 37 to a tube 52 
which is part of the delivery device 27 and extends 
through compartment 25 and into a channel 54 
which is connected to the upper end of the sensor 
delivery device compartment 26. 

The tubing 52 of the sensor delivery device 27 
ends adjacent a Y-fitting 55 of the delivery device 
27. A side port 56 of the sensor delivery device 27. 
opposite and slightly above the Y-fitting 55, ex- 
tends toward the compartment 25. Tubing 57 con- 
nects the side port 56 to fitting 58 which is con- 
nected to a bulkhead fitting 58a disposed in the 
bottom wall 25b of the compartment 25. The fitting 
58d in the bottom wall 25b is tilted to facilitate 
access thereto. Tubing 57 extends into compart- 
ment 25 under the side wall 25a. Tubing 59 con- 
nects the other side of fitting 58a to one leg of a T- 
connector 60. Tubing 61 connects the other leg of 
the T-fitting 60 to one side of the frangible element 
valve 24. Tubing 64 connects the other side of the 
valve 24 to an in-line moisture filter or gas filtration 
device 65. 

The in-line moisture filter 65 is supported in the 
tray 12 adjacent the compartment 25. At its upper 
end the moisture filter 65 is connected by tubing 
68 to a fitting 69 which is mounted in an upper wall 
25c of the compartment 25 to vent the output of 
the in-line moisture filter 65 therein. Gas vented 
from the filter 65 through the fitting 69 to compart- 
ments 25 and 26 passes through the Tyvek™ 
cover to the ambient atmosphere outside the tray 
12. Connecting channel 70 between the sensor 
delivery device compartment 26 and the connector 
compartment 30 carries a cable assembly 72 from 
the sensor delivery device 27 to the fiber optic 
connector member 32. A barrier 71 is provided in 
the channel 70 between the sensor d livery device 
27 and the fiber optic connector memb r 32. The 
barrier is an aid to maintaining sterility during the 
calibration process and afterward until the packag 
Is fully open. 

The gas-permeable, bacterial retentive 



Tyvek™ cov r 18 (Rgur 1), which ov riles an 
upper face of th tray 12. Is partially split, with a 
left-hand portion 18a covering the compartment 25 
and the sensor delivery device compartment 26 to 

5 retain the device 27 therein. A right-hand portion 
18b overlies the compartment 30 for the fiber optic 
connector member 32 and the compartment 34 for 
the filter 46. The cover 73 is adhered to the upper 
face of the tray 12 at Its periphery to enclose and 

70 retain the sensor delivery device 27, the fiber optic 
connector member 32, and the filter 46 within the 
tray 12. The split between the cover portions 
18a.18b is at the separation line 18c, to enable the 
user to selectively access the fiber optic connector 

15 member 32 and the filter 46 and its associated 
tubing during calibration of the sensor component 
28. 

Disposed between the hydration pouch 39 and 
the inlet 35 is a guillotine valve 23 better seen in 

20 Figures 4A-4C. Tubing 38 between the hydration 
pouch 39 and the liquid inlet fitting 35 extends 
through a channel 90 provided on valve body 92 
shown partially in section in Figure 4A. The valve 
body 92 is molded into the base plate 22a of the 

25 tonometry chamber 22. Slots 93, 94 provided in the 
valve body 92 receive respectively, a guillotine 
cutter 95 and a slide clamp 96 attached to an 
actuator 97 of the valve 23. As shown in Figure 4B, 
as the actuator 97 descends, the slide clamp 96 In 

30 the slot 94 intrudes into the channel 90 to close off 
the tubing 38. As shown in Rgure 40. further 
descent of the actuator 97 causes the guillotine 
blade 95a associated with the cutter 95 to slice 
through the tubing 38 aligned with the slot 93. In 

35 Rgure 4C, it can also be seen that escapement 
barbs 98 engage the respective rear walls 93a, 94a 
of the slots 93, 94 at the end of the downward 
stroke to hold the valve assembly 23 closed. 
The frangible valve assembly or valve 24 is better 

40 seen in Figures 5A-5E. The valve assembly 24 
includes an outer sleeve 74 having an inlet pas- 
sage 75 and an outlet passage 76 for conduction of 
either a fluid or a gas. Rigidly connected to the 
inner surface of the outer sleeve 74 is an inner 

45 sleeve 78 having an annular groove 79 therein. 
Disposed in the annular groove 79 is one end of a 
biasing spring 80. Coaxial with the inner sleeve 79 
is a valve stem 82. an outer surface of which 
slidably extends through a passage 83 formed In 

50 the center of the inner sleeve 78 for the valve 
assembly 24. An upper portion of the valve stem 
82 receives an actuator 84 rigidly mounted thereon 
to be coaxial with the valve stem 82. An 0-rtng s al 
85 is placed in a space 85a provided between the 

55 valve stem 82 and th actuator 84 to assure proper 
seating of the 0-ring seal 85. An outer end 84a of 
the actuator 84 includ s three holes 86 disposed at 
spaced-apart intervals circumferentially around and 
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just inside its perimeter (Figure 5C). Three tabs 88 
ar connected to the inner sleeve 78 by a cor- 
responding number of frangible elements 89. The 
tabs 88 align with the holes 86 in the outer end 84a 
of the actuator 84. As shown in Rgure 5A the valve 
assembly 24 is assembled with the spring 80 bias- 
ing the actuator 84 to the closed position with the 
actuator end 84a disposed outwardly from an inner 
end of each tab 88. 

As shown in Figure 5B the actuator outer end 
84a is moved downwardly on the tabs 88 to close 
the gap shown on the tabs in Figure 5A and move 
the actuator 84 downwardly to place the valve 
assembly 24 In an open position. With the valve 
assembly 24 disposed in an open position, the 
ends of the tabs 88 are inserted through the holes 
86 in the end 84a of the actuator 82. The tabs are 
then heated and deformed to flatten them and to 
hold the valve assembly 24 in a normally-open 
position. Alternative retaining means may also be 
used. To convert the normally open valve assem- 
bly 24 of Figure 5B to a normally closed valve, the 
actuator 84 is further depressed as shown in Rgure 
5D to break the frangible elements 89. As shown in 
Figure 5E, this allows the spring 80 to move the 
outer end 84a and the associated actuator 84 out- 
wardly to close the valve assembly 24 and cause 
the valve stem 82 to seal off a passage through the 
vake assembly 24. Once the frangible elements 89 
have been broken, the valve assembly 24 remains 
closed until the actuator 84 is depressed by mov- 
ing the outer end 84a against the biasing spring 80. 

The in-line moisture filter 65 is shown in great- 
er detail in Rgures 6A. 6B. Rgure 6A is a cross 
sectional view taken along the lines 6A-6A In Fig- 
ure 2 and Rgure 68 is a longitudinal sectional view 
taken along the lines 68-68 of Rgure 2. The in-line 
moisture filter 65 includes an outer housing 100 
having disposed therein moisture absorbent ma- 
terial 102 that serves to remove water droplets 
from air or gas that is passing through the filter 65. 
The moisture absorbent material 102 is held cen- 
trally within the housing by a plurality of ribs 104, 
better seen in Rgure 6A. located within the inner 
diameter of the housing 100. The ribs 104 run 
longitudinally along the length of the absorbent 
material 102. In operation, the air or gas passing 
through the passages created between the ribs 104 
and the absorbent material 102 is dried without 
experiencing a significant pressure drop from one 
end of the filter 65 to the other. 

The filter 65 absorbs any overflow of hydration 
fluid from the tonometry chamber 22 and the 
plumbing associated therewith and yet is operable 
to pass gases therethrough during ETO steriliza- 
tion, when the tonom try chamber 22 is v nted. as 
well as when the calibration gases are pumped into 
the tonometry chamber 22. The principal advan- 



tag of the filter 65 is that th fluid cannot slosh out 
when the tray 12 is moved. Next, gas vents 
through the Tyvek^ cover 18, which also acts as a 
bacterial barrier to ingress of organisms back down 

5 the vent once calibration is over. The outer housing 
100 is clear, to enable viewing of the absorbent 
material 102 therein. The absorbent material is 
colored, and changes colors when wet. to indicate 
the presence of moisture. Also, the presence of 

10 moisture in the filter 65 assists in maintaining the 
fluid level in the tonometry chamt^er 22 during 
storage. 

The sterilization process is separate from the hy- 
dration process and is best understood by a con- 

75 sideration of Figure 7. In Figure 6, the tray 12 is 
inserted into a pouch or outer wrap 20 which is 
comprised mostly of foil but includes a clear win- 
dow 110 and a gas-permeable, bacterial retentive 
strip 112. The pouch 20 is fully sealed on three 

20 sides and after the tray 12 is inserted therein, is 
sealed on the fourth side as shown at 1 14. With the 
tray 12 sealed in the pouch 20 as shown in Figure 
6, valves 23 and 24 are fully open. The hydration 
pouch 39 is gas-impemneable. With the pouch 20 

25 sealed and the tray 12 in place, the tray 12 is then 
subjected to ETO sterilization, with the ETO gas 
flowing into the tray 12 through the gas-permeable, 
bacterial retentive strip 112. During ETO steriliza- 
tion, in which the ETO gas is introduced through 

30 the gas permeable, bacterial retentive (Tyvek™) 
strip 112 in the outer wrap 20 and through the 
Tyvek™ cover 18 on the packaging tray 12, the 
tonometry chamber 22 and the plumbing asso- 
ciated therewith is open to the sterilization gases to 

35 sterilize the chamber 22, the tubing, the valves 23 
and 24, the delivery device 27, the exterior of 
pouch 39, the reservoir 40, the pouch-popper 44 
and the tubing sections 38 and 45 respectively 
associated with the delivery of hydration fluid and 

40 with the delivery of calibration gases Into the 
tonometry chamber 22. 

When the ETO sterilization procedure is complete 
and the gasses associated with ETO sterilization 
have dissipated or have been driven off from the 

45 tray 12 and the pouch 20, the hydration procedure 
is initiated as shown in Rgure 8. Valves 23 and 24 
remain fully open and the hydration procedure is 
conducted within the sealed pouch 20 as shown in 
the visible portion thereof at the left side of Rgure 

50 8. Pouch popper 44 is activated to rupture the 
hydration pouch 39 spilling the hydration fluid into 
the reservoir 40. The pouch is then squeezed until 
the hydration fluid is forced through th tubing 38. 
through the guillotine valv 23, and into the 

56 tonometry chamber 22. 

The air in the tonometry chamber 22 is vented 
out through the upper fluid outlet fitting 37 and the 
tubing 52 through th compartment 26 associated 
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with the sensor delivery devic 27 as w II as the 
side port 56. Excess fluid is conducted through the 
side port 56. through tubing 59, through the fran- 
gible valve 24 and into the in-line moisture filter 65. 
Excess fluid fronr> the tonometry chamber 22 may 
also flow out through the gas inlet valve 36 through 
tubing 45 to the fitting 46. However, the hydropho- 
bic fitter 46 prevents fluid from flowing thereth- 
rough. Fluid is also present In the T-fitting 60 and 
is stopped by a hydroprobic filter 60a. The filter 65 
also traps excess moisture in the absorbent ma- 
terial 102 provided therein. 

Once the hydration of the sensor component 
28 in the tonometry chamber 22 is complete, the 
guillotine valve 23 is actuated as shown In Rgures 
4A-4C to first close the tubing 38 and then to cut It 
to prevent further input of hydration fluid to the 
tonometry chamber 22. Then the frangible element 
valve 24 is first pushed to break the frangible 
elements 89, then released to close the valve 24 to 
prevent the loss of hydration fluid from the tonome- 
try chamber 22. The guillotine valve 23 is operated 
through the pouch to maintain sterility of the tray 
12 during hydration. The user is able to separate 
the hydration pouch 39 from the packaging tray 12 
and simultaneously close the tonometry chamber 
22 without damaging the integrity of the sterilization 
pouch 20 in which the packaging tray 12 is sealed. 

Furthermore, the hydration pouch 39 and the 
gas permeable, bacterial retentive portion 112 of 
the sterilization pouch 20 can be separated from 
the packaging tray 12 to enable the fully hydrated 
sensor 28 to be sealed in a more compact, gas- 
impermeable sterilized pouch until It is ready for 
use. The "spent" hydration pouch 39 is unsightly 
and possibly confusing to the user. 
The frangible element valve 24 enables the free 
flow of gas throughout the plumbing during the 
sterilization process, and the hydration process, 
and thereafter the frangible elements 89 are broken 
to produce a normally-closed, push-to-open valve 
24 which seals the gas inlet 36 of the tonometry 
chamber 22. The valve 24 is also operated through 
the pouch 20. The valves 23 and 24 are also 
recessed within the tray 12 to prevent inadvertent 
operation. 

With tubing 38 cut. and both valves 23 and 24 
closed, the tray 12 holding a fully hydrated sensor 
component 28 can be resealed as shown in Rgure 
9. The strap holding the reservoir 40 to the tray 12 
is merely trapped between the tray 12 and the 
bottom plate 16. Therefore, with the tubing 38 cut, 
the reservoir 40 and the pouch 39 therein can be 
separated from the tray 12 to b disposed in the 
clear window 110 of the pouch 20 with the gas 
perm able, bacterial retentive Tyvek^ strip 112. 
Ther after, that portion of the pouch 20 can b cut 
away as shown in Figure 8 and the pouch 20 
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resealed as at 116 to seal th tray 12 in a con- 
trolled sterile atmosphere impervious to gases and 
which also blocks out light. Although the clear 
window is useful during the in-pouch hydration 
6 step, the elimination of window 110 immediately 
thereafter, as shown herein, markedly increases 
storage times for the tray 12 and its associated 
sensor 28. 

To calibrate the sensor component 28, the ster- 

70 ile tray 12 is removed from the sealed pouch of 
Rgure 9. The right-hand side 18b of the Tyvek^ 
cover 18. partially split at 18c in Rgure 1, is 
removed to permit access to the fiber optic con- 
nector member 32 and the gas filter 46. The left- 

15 side 18a stays In place and, in cooperation with the 
sterile barrier 71, maintains the compartments 25 
and 26, as well as the sensor delivery device 27 
and the filter 65 in a sterile environment during 
calibration. The filter 46 Is connected to a callbra- 

20 tion device 120 (Figure 10) to permit the infusion of 
gases containing the known analytes into the hy- 
dration fluid. Components of the calibration device 
120 engage the tonometry chamber 22, first to 
open tiie valve 24 to permit the flow of calibration 

25 gases Into the chamber 22, then to control the 
temperature of the hydration fluid in the tonometry 
chamber 22 during the calibration process. 

The tonometry chamber 22 is designed as a 
gas-driven, circulating loop. The needle orifice 36a 

30 bubbles the calibration gases Into the chamber 22, 
with the baffle 19 provided in the middle of the 
chamber 22 enhancing circulatory motion of the 
hydration fluid around the baffle 19. and also pre- 
venting the bubbles generated In the hydration fluid 

35 through the needle orifice 36a from impinging on 
the sensor component 28. thus to minimize the 
erratic response thereof during calibration. The baf- 
fle 19 also permits a reduction In chamber volume 
by taking up buffer volume. The turbulence gen- 

40 erated by the circulating loop also promotes better 
mixing of the liquid with the gas, tiius to decrease 
the time needed for gas equilibration. Mixing is 
also necessary for uniform heating, i.e., tempera- 
ture control. 

45 The gas pressure in the chamber 22 creates a 
movement of fluid out of the filled calibration cham- 
ber 22 at tirst, leaving behind an optimum amount 
of fluid for fast mixing. Fluid and gas does not mix 
well in a filled chamber. Also, the level of the fluid 

50 must remain above the level of the Internal baffle 
19 to maximize the mixing action. As fluid moves 
out of the chamber 22, the fluid level drops from 
50mm (filled) to 30mm in less than ten seconds, 
and stays at the lower level for the remainder of 

55 the calibration. The xcess fluid is absorbed by the 
filter 65. The amount of fluid remaining in the 
chamber is controlled by the height and geometry 
of the gas outiet port 37. 
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Th connector m nnber 32 is also connected to 
th calibration device 120 to conr^par the readouts 
during equilibration of th hydration fluid to the 
known valves of the analytes used for calibration. 
For convenience, the compartment 30 holding the 
member 32 during storage is also sized to hold an 
optical receptacle (not shown) of the calibration 
device 120 during calibration. 

The packaging technique of the present inven- 
tion allows a blood gas catheter to be calibrated 
immediately prior to use without the need of a 
blood gas analyzer to obtain reference calibrant 
values. The calibration technique is practical and 
allows calibration using aseptic handling that pro- 
tects the cleanliness of the medical device and 
minimizes the possibility of contamination of the 
sensor component. 

Having defined a preferred embodiment of the 
invention it should be understood that other em- 
bodiments are possible. The configuration of the 
sensor component of a specific device may dictate 
alternative configurations for the packaging. Where 
technical features mentioned In any claim are fol- 
lowed by reference signs, those reference signs 
have been included for the sole purpose of Increas- 
ing the intelligibility of the claims and accordingly, 
such reference signs do not have any limiting ef- 
fect on the scope of each element identified by 
way of example by such reference signs. 

Claims 

1. An improved package for a medical device that 
includes a hydratable sensor, comprising: 

an inner wrap that envelopes the medical 
device, said inner wrap including a gas-per- 
meable surface and defining a chamber in 
which the sensor is stored; and 

plumbing means for controlling fluid flow 
into and within the inner wrap, said plumbing 
means being thus operable to selectively es- 
tablish, without breaching a portion of the inner 
wrap surrounding the sensor, fluid communica- 
tion between: 

a. said gas-permeable surface and said sen- 
sor, to effect sterilization of said sensor and 
of the inner wrap with a gaseous sterilant; 

b. said chamber and a source of hydration 
fluid, to effect hydration of said sensor with 
the hydration fluid; and 

c. said chamber and an external source of 
gas used to effect equilibration of the hydra- 
tion fluid in order to calibrate the sensor 
within the inner wrap. 

2. The improved packag according to Claim 1, 
further comprising an outer wrap that enve- 
lopes the inner wrap. 
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3. Th improv d package according to Claim 2, 
wh r in the outer wrap comprises a gas-im- 
permeable bag that is sealed around the inner 
wrap after the inner wrap and the sensor are 
5 sterilized with the gaseous sterilant, thereby 

maintaining the sensor in a sterile condition 
while the medical device is stored, prior to use 
of the sensor. 

10 4. The improved package according to Claim 1. 
wherein the source of hydration fluid com- 
prises a rupturabte pouch that includes a port 
connected in fluid communication with the 
chamber so that the hydration fluid is delivered 

75 to the chamber when the pouch is ruptured. 

5. The improved package according to Claim 2. 
wherein the source of hydration fluid is exter- 
nal to the inner wrap, but is, at least initially, 

20 enclosed within the outer wrap. 

6. The improved package according to Claim 5, 
wherein after the hydration fluid flows into the 
chamber from the source of hydration fluid, a 

25 portion of the outer wrap in which the source 

of hydration fluid is disposed is severed from 
another portion in which the inner wrap is 
sealed. 

30 7. The improved package according to Claim 6, 
wherein the portion of the outer wrap in which 
the source of hydration fluid is disposed in- 
cludes a window portion which is useful to 
effect hydration of the sensor, and the sealed 

35 portion of the pouch being impervious to light 
after the window is removed, thus to substan- 
tially increase storage times for the tray and 
the sensor within the sealed pouch. 

40 a. The improved package according to Claim 1, 
wherein the plumbing means include a calibra- 
tion fluid line connected in fluid communication 
with the chamber, and wherein the inner wrap 
includes means for providing access to the 

45 calibration fluid line so that the source of the 

gas used for equilibration of the hydration fluid 
can be connected to supply the gas to the 
chamber for calibration of the sensor, while 
continuing to maintain the sensor in the sterile 

50 condition. 

9. The improved package according to Claim 1, 
wherein the plumbing means include a first 
valve disposed between the source of hydra- 
55 tion fluid and the chamber, and wherein the 
first valve is open while the hydration fluid is 
supplied to the chamber, and thereafter, is 
closed, severing the source of the hydration 
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fluid from the inner wrap. 

10. The improved package according to Claim 1, 
wherein the plumbing means include a second 
valve that is initially held open and Is disposed 
In a line provided to connect to the source of 
the gas used to effect equilibration of the hy- 
dration fluid, a first closure of the second valve 
converting it to a normally-closed valve. 

11. The improved package according to Claim 10. 
wherein the plumbing means include a mois- 
ture fitter disposed in a fluid path, between the 
second valve and a portion of the inner wrap 
proximate the gas-permeable surface, so that 
moisture is removed from a gas passing 
through the second valve before the gas 
passes through the gas-permeable membrane. 

12. The improved package according to Claim 1, 
wherein the chamber comprises a tonometry 
chamber having a smoothly curved wall dis- 
posed adjacent to a port through which the gas 
used to effect equilibration of the hydration 
fluid enters, the curved wall promoting turbu- 
lence in the hydration fluid as the gas flows 
through the chamber, but generally assisting in 
preventing gas bubbles from impinging upon 
the sensor. 

13. A method of packaging a medical device that 
Includes a hydratable sensor, comprising the 
steps of: 

defining a chamber within an Inner wrap 
that envelopes the medical device, for storing 
the sensor; and 

controlling fluid flow into and within the 
inner wrap, to selectively establish, without 
breaching a portion of the inner wrap sunround- 
ing the sensor, fluid communication between: 

a. a gas-permeable surface of the inner 
wrap and said sensor, to effect sterilization 
of said sensor and of the inner wrap with a 
gaseous sterilant; 

b. said chamber and a source of a hydration 
fluid, to effect hydration of said sensor with 
the hydration fluid; and 

c. said chamber and an external source of a 
gas used to effect equilibration of the hydra- 
tion fluid in order to calibrate the sensor 
within the inner wrap. 

14. The method according to Claim 1, including 
the step of enveloping the inner wrap in an 
outer wrap. 

15. The method according to Claim 13, including 
the step of sealing the outer wrap, comprising 
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a gas-imp rmeable bag, around the inner wrap 
after the inner wrap and the sensor are steril- 
ized with the gaseous sterilant, thereby main- 
taining the sensor in a sterile condition while 
5 the medical device Is stored, prior to use of 
the sensor. 

16. The method according to Claim 13. including 
the steps of storing the hydration fluid In a 
10 rupturable pouch, and connecting a port in the 
pouch with the chamber, so that the hydration 
fluid is delivered to the chamber when the 
pouch is ruptured. 

15 17. The method according to Claim 14, Including 
the step of disposing the pouch containing 
hydration fluid external to the Inner wrap, but 
at least initially, enclosing said pouch within 
the outer wrap. 

20 

18. The method according to Claim 16, Including 
the step of disposing a window portion in the 
portion of the outer wrap in which the source 
of hydration fluid is disposed, the window por- 

25 tion useful to effect hydration of the sensor, 

and the sealed portion of the pouch being 
impervious to light after the window is re- 
moved, thus to substantially increase storage 
times for the tray and the sensor within the 

30 sealed pouch. 

19. The method according to Claim 18, including 
the step of severing a portion of the outer wrap 
in which the pouch containing hydration fluid is 

35 disposed from another portion in which the 

inner wrap is sealed, after the hydration fluid 
flows into the chamber from the rupturable 
pouch containing the hydration fluid. 

40 20. The method according to Claim 13, Including 
the steps of providing access to a calibration 
fluid line in fluid communication with the cham- 
ber, and connecting the calibration fluid line to 
the source of the gas used for equilibration of 

46 the hydration fluid to supply the gas to the 
chamber for calibration of the sensor, while 
continuing to maintain the sensor in the sterile 
condition. 

50 21. The method according to Claim 13, including 
the step of disposing a first valve between the 
source of hydration fluid and the chamber, 
wherein the first valve is open while th hydra- 
tion fluid Is supplied to the chamber, and 

55 thereafter, is closed, severing the source of 
hydration fluid from the inner wrap, 

22. The method according to Claim 12. including 
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the St p of disposing a second valve that is 
initially held open in a line provided to connect 
the source of the gas used to effect equilibra- 
tion of the hydration fluid, a first closure of the 
second valve converting it to a normally-closed 
valve. 

2a The method according to Claim 21, including 
the step of disposing a moisture filter disposed 
in a fluid path, between the second valve and a 
portion of the inner wrap proximate the gas- 
permeable surface, so that moisture is re- 
moved from a gas passing through the second 
valve before the gas passes through the gas- 
permeable membrane. 

24. The improved package according to Claim 13, 
including the step of disposing a smoothly 
curved wall in the chamber, adjacent to a port 
through which the gas used to effect equilibra- 
tion of the hydration fluid enters, the curved 
wall to promote turbulence in the hydration 
fluid as the gas flows through the chamber, but 
generally to assist in preventing gas bubbles 
from impinging upon the sensor. 

25. In a package for a sterilizable callbratable 
medical device, a tonometry chamber receiv- 
ing a sensor component of the medical device, 
the tonometry chamber comprising: 

a small compartment having a curved wall, 
a fluid inlet port, a gas inlet port and a gas 
vent; a baffle disposed between the fluid inlet 
port and the gas inlet port, the curved wall of 
the chamber and the baffle combining to pro- 
mote circulatory flow of the fluid disposed 
therein. 

26. A tonometry chamber as claimed In Claim 25, 
which includes an oversized base supporting 
an upper fluid holding portion of the chamber, 
the base including a step-in portion at a lower 
end of the chamber, the step-in portion sup- 
porting a first valve associated with the liquid 
inlet port and a second valve associated with 
the gas inlet port, the base and its step-in 
portion providing a fixed relation between the 
tonometry chamber and the first and second 
valves. 

27. A tonometry chamber as claimed in Claim 26. 
wherein the sensor component intrudes into 
the tonometry chamber through the gas vent, 
the baffle is disposed between the sensor 
component and the gas inlet port, and the gas 
inlet port includes a needle-point orifice pro- 
moting turbulent flow of the fluid in the 
tonom try chamber through the inlet of gas 



th rein, such turbulent flow accelerating the 
equilibration of the fluid in the tonometry 
chamber, with the baffle between the sensor 
component and the needle-point orifice mini- 
5 mizing the impingement of gas bubbles on the 

sensor component 

28. A tonometry chamber as claimed in Claim 27, 
wherein the gas outlet port includes a sensor 

10 guide tube, for supporting an outer end of the 
sensor within the tonometry chamber. 

29. A tonometry chamber as claimed in Claim 28, 
wherein the gases Input to the chamber vent 

75 off a portion of the hydration fluid in the cham- 

ber during calibration, with the fluid level in the 
chamber to be maintained above the upper 
level of the baffle therein to maximize mixing 
efficiency. 

20 

30. A valve assembly comprising: 

a housing having an inlet port and an 
outlet port connected by a fluid passage that 
extends through the housing; 
25 an inner sleeve rigidly connected to the 

housing, and having a central passage thereth- 
rough; 

an actuator coaxial with the inner sleeve 
and having an outer surface slldably extending 

30 through the passage formed In the center of 
the inner sleeve; 

first means for biasing the actuator to a 
normally-closed position for the valve assem- 
bly in which fluid communication between the 

35 inlet and outlet ports is interrupted; 

second means for retaining the actuator 
against the bias of said first means in a 
normally-open position for the valve assembly 
in which fluid communication is achieved be- 

40 tween the inlet and outlet ports, the second 
means being frangible to enable the first 
means to bias the actuator to the normally- 
closed position when the second means is 
broken. 

45 

31. A valve assembly as claimed in Claim 30 
wherein said first biasing means includes an 
annular groove provided In the inner sleeve, 
and a spring having opposite ends, with one 

50 end of the spring disposed in said annular 

groove and an opposite end bearing against 
the actuator to bias It to the normally-closed 
position. 

55 32. A valve assembly as claimed in Claim 30 
wh rein the second retaining means includes 
an outer end of the actuator, the outer end 
having a plurality of holes disposed therein at 
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spaced-apart intervals and circumferentially ar- 
ound and just inside the perimeter thereof, and 
a corresponding plurality of tabs each con- 
nected to the inner sleeve by a respective 
frangible elennent, the tabs on the inner sleeve 
to align with the holes In the actuator drives 
the actuator to an open position for the valve 
assembly, and thereafter deforming the ends 
of the tabs retains the valve assembly in the 
normally-open position. 

33. A valve assembly comprising: 

a housing having an inlet port and an 
outlet port connected by a fluid passage that 
extends through the housing ; 

actuator means for selectively controlling 
fluid flow through the fluid passage, including 
spring means for biasing the actuator means to 
a predetermined fluid flow control position; and 

frangible means for opposing the spring 
means to temporarily prevent the actuator 
means from assuming the predetermined fluid 
flow control position, said frangible means in- 
cluding breakable elements that are broken by 
an operator to allow the actuator means to 
thereafter assume the predetermined fluid flow 
control position until selectively changed by 
the operator. 

34. An in-line moisture filter comprising a longitudi- 
nal outer housing having opposite ends, mois- 
ture absorbent material disposed in the hous- 
ing to remove liquid from gases passing 
through the filter, a plurality of Internal ribs 
located within the inner diameter, extending 
longitudinally of the housing, to define pas- 
sages within the housing between the ribs and 
the absorbent material, to enable gases flowing 
through said passages for drying to experience 
no significant pressure drop from one end of 
the filter housing to the other. 

35. An in-line moisture filter as claimed in Claim 

34, wherein the gases flowing through the 
chamber do not pass through the absorbent 
material, but rather the passages between the 
housing and the absorbent material, thereby to 
extract moisture from said gases passing 
through the filter. 

36. An in-line moisture filter as claimed in Claim 

35, wherein the absorbent material comprises 
a cellulose moisture absorbent element dis- 
posed In the filter housing. 

37. An in-line moisture filter as claimed in Claim 

36, wherein the moisture absorbent element is 
colored, and changes colors when wet, to in- 
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dicate th pr sence of moisture in the filter. 

38. An in-line moisture filt r as claimed in Claim 
36, wherein the moisture absorbent element is 

5 a longitudinal element extending the length of 

the filter housing and is supported therein be- 
tween the intemal ribs of the filter housing. 

39. A filter for removing a liquid from a gas, com- 
70 prising: 

a housing having an inlet and an outlet; 
a liquid absorbent material disposed in the 
housing that is operative to absorb the liquid 
from the gas passing through the filter; 

75 a plurality of ribs disposed on an inner 

surface of the housing, spaced apart from each 
other and supporting the liquid absorbent ma- 
terial within the housing, the plurality of ribs 
being operative to define a plurality of open 

20 passages around the liquid absorbent material 
connecting the inlet in fluid communication 
with the outlet, so that the gas experiences 
substantially no pressure drop as it flows be- 
tween the inlet and the outlet, the liquid in the 

25 gas being absorbed by the liquid absorbent 
material in the filter. 

40. A shut-off valve incorporating a tube-cutting 
member, said valve comprising: 

30 a valve body; 

a tubing support channel extending 
through the valve body; 

a tubing section extending through the 
channel in the valve body; and 
35 actuating means for closing off and then 

severing the tubing during an actuation stroke 
of the valve. 

41. A shut-off valve as claimed in Claim 40 
40 wherein the actuating means includes first and 

second spaced-apart, generally parallel slots 
provided in the valve body and intersecting the 
channel; and 

an actuator having a driving member and 

45 first and second actuating members, each ac- 
tuating member disposed in a respective slot 
of the valve body, the first actuating member 
operative to close the tubing disposed across 
the first slot during a mid-portion of the ac- 

50 tuator stroke when the first actuating member 
engages the tubing, the second actuating 
member severing the tubing disposed across 
the second slot at th end of the actuator 
stroke. 

55 
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